BACKGROUND: Nodular fasciitis (NF) is a clonal, self-limited proliferation that has only rarely been described in the parotid gland. Because of its potential to mimic benign and malignant parotid neoplasms clinically, radiographically, and cytomorphologically, NF is often managed with unnecessary surgery, which is associated with a risk for significant surgical complications. The purpose of this study is to present the clinical and cytomorphologic findings for NF of the parotid gland by fine-needle aspiration (FNA). METHODS: The pathology archives of the authors' respective institutions were searched for salivary gland FNA cytology specimens with a confirmed diagnosis of NF. The clinical history, pathologic diagnosis, cytomorphologic findings, and immunocytochemical results were recorded. RESULTS: A total of 15 cases were identified; the average age was 37 years, and 10 patients (66.7%) were female. Five cases (33.3%), all treated surgically, showed recurrence within an average timeframe of 1.6 months. Only 3 cases (20.0%) were classified as definitive, probable, or suggestive of NF. On average, smears were composed of predominantly single (69.2%), spindled cells (100.0%) with short unipolar (76.9%) and/or bipolar processes (38.5%), round (61.5%) or elongated (84.6%) nuclei, and inconspicuous nucleoli (53.8%). In 69.2%, a tissue-culture appearance was shown, and 76.9% contained myxoid stroma. In 46.2%, a minimal amount of cytologic atypia was shown. CONCLUSIONS: Keeping NF in the differential for any bland, single, spindled cell proliferation with elongated cytoplasmic processes and bland nuclei may prompt the clinician to consider more conservative management in the correct clinical context. Cancer Cytopathol 2018;126:872-880.
INTRODUCTION
Nodular fasciitis (NF) is a benign fibroblastic/myofibroblastic proliferation that can mimic malignancy because of its clinical propensity for rapid growth. Although NF is a self-limited process that has historically been classified as reactive, recent evidence has demonstrated characteristic myosin heavy chain 9 (MYH9)-ubiquitin specific peptidase 6 (USP6 ) fusions in the vast majority of NF cases, and this suggests that it is actually clonal. Although NF most commonly occurs in the extremities of adults, it has been described in many other anatomic sites throughout the body. 1 In the head and neck, NF has been reported in a wide range of sites, including the neck, forehead, cheek, orbit, scalp, oral cavity, gnathic bones, ear canal, and sinonasal tract. 2 Interestingly, children have a particular propensity to develop NF in the head and neck region. 2, 3 NF involving the parotid gland is exceedingly rare in any patient, with only a few dozen reports in the English literature.
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Despite its clonal biology, NF is self-limited, spontaneously resolves without surgical resection, and only rarely recurs. 1, 11 Because no unique radiographic features of NF have been reported to date on ultrasound, computed tomography (CT), or magnetic resonance imaging (MRI), minimally invasive sampling of the lesion is often performed to assess the need for surgery. [12] [13] [14] However, NF can be easily mistaken for an aggressive neoplasm on fine-needle aspiration (FNA) because of its high cellularity and somewhat nonspecific cytomorphology, and this can lead to patient anxiety and aggressive management. [15] [16] [17] [18] [19] [20] [21] This challenge is especially acute in the parotid gland, where NF can show morphologic overlap with a wide range of benign and malignant neoplasms.
To avoid unnecessary parotidectomy for NF with its attendant risk for serious complications, including facial nerve transection, 22 it is essential to identify the possibility of NF on FNA. Although there are several reports characterizing the FNA findings in NF, the cytomorphology has not been systematically evaluated in the parotid gland. [15] [16] [17] [18] [19] [20] [21] This study characterizes the clinical and cytomorphologic findings of NF of the parotid gland by FNA to facilitate better preoperative recognition of this entity.
MATERIALS AND METHODS
The anatomic pathology archives of the Johns Hopkins Hospital, the Ohio State University Wexner Medical Center, the University of the Sacred Heart, and the Massachusetts General Hospital were searched for all salivary gland FNA cytology specimens with a confirmed diagnosis of NF by surgical resection or clinical follow-up. Confirmation by clinical follow-up was defined as the complete, spontaneous resolution of the mass without medical or surgical intervention. The clinical history, pathologic diagnosis, cytomorphologic findings, and immunocytochemistry (ICC) results were recorded, when available, for each case by the authors from their respective institutions after receiving approval from their institutional review boards.
FNA was performed with a 25-gauge spinal needle, and material was immediately smeared onto glass slides and air-dried or fixed in 95% ethanol. Air-dried slides were stained with the Quik-Dip fixative, whereas alcohol-fixed slides were stained with the Papanicolaou method. When it was permitted, the material remaining in the needle after aspiration was rinsed with Hanks balanced salt solution and processed to create a formalin-fixed, paraffin-embedded cell block. In 1 case, 20-gauge core biopsy was also performed for a histologic and immunohistochemical evaluation.
Cytomorphologic Data Collection
The cellularity of each case was recorded on a scale ranging from 1 (paucicellular) to 4 (hypercellular). The presence of single cells, tissue fragments, myxoid stroma, tissue-culture appearance, an inflammatory component, and background salivary gland tissue were specifically noted. The following cytomorphologic features were recorded: spindled or polygonal in shape; unipolar or bipolar cytoplasmic processes; shape and location of the nuclei; and presence of nucleoli, mitosis, necrosis, cytologic atypia, or other features.
RESULTS

Clinical Characteristics
A total of 15 cases involving the parotid gland were identified; they included 2 that were unavailable for cytomorphologic review and 5 that had been previously reported by the authors in a separate study but were re-reviewed for inclusion in the current study. 15 The demographics, clinical presentation, and FNA diagnoses for each case are summarized in Table 1 . Briefly, the average age was 37 years, and 10 patients (66.7%) were female. All cases were clinically interpreted to be arising from the parotid gland at the time of presentation. The average time from symptom onset to clinical presentation was 3.67 months (range, 1-8 months; n = 12). The average lesion size was 1.86 cm (range, 1.0-3.5 cm; n = 15) by radiographic measurement. Five patients (33.3%) experienced recurrence with an average time interval of 1.6 months (range, 1-2.5 months).
FNA Diagnoses
The FNA diagnosis for each case is presented in Table 1 . Only 1 case was definitively diagnosed as NF; 1 case was diagnosed as "probable NF"; and 1 case was classified as "spindle cell lesion, most suggestive of NF." More commonly, however, cases were classified descriptively with or without a comment on neoplasia or a differential diagnosis. The terms spindle cell lesion and spindle cell neoplasm were used in 5 (33.3%) and 4 cases (26.7%), respectively. Three cases (20.0%) were diagnosed as a salivary gland neoplasm: 1 as a pleomorphic adenoma (unavailable for review), 1 as a "spindle cell neoplasm, Cancer Cytopathology October 2018 favor cellular pleomorphic adenoma," and 1 as "oncocytic cells with rare lymphocytes suggestive of a Warthin tumor" (unavailable for review). One case was signed out as a "non-diagnostic, virtually acellular specimen," but upon review for this study, it contained rare, single, spindled cells without matrix material, lymphocytes, or background salivary gland tissue.
Cytomorphologic Characteristics
The salient, cytomorphologic features are summarized in Table 2 and highlighted in Figures 1 and 2 . FNA specimens were generally hypercellular (mean, 2.8/4) and composed of predominantly single cells (69.2%) with a tissue-culture appearance (69.2%) and at least some component of myxoid stroma (76.9%). All cases were composed of predominantly spindled cells, whereas 3 (23.1%) contained tissue fragments, 3 (23.1%) contained inflammatory cells, and 1 (7.7%) revealed background salivary gland tissue (present in cell block material only). Ten cases contained cells with short, unipolar processes (76.9%), whereas 5 (38.5%) also contained cells with bipolar processes. Polygonal cells were present in 4 cases (30.8%), and multinucleated cells were found in 2 cases (15.4%). Minimal cytologic atypia was present in 6 cases (46.2%). Nuclei were most often elongated (84.6%), but round to oval nuclei were also common (61.5%). Nuclei were eccentric in location in 46.2% and bare in 15.4% of cases. Four cases (30.8%) revealed bent nuclear contours, whereas 2 cases (15.4%) showed nuclear grooves. Finally, inconspicuous nucleoli were present in 7 cases (53.8%). Mitoses and necrosis were absent in all cases.
ICC Studies
ICC studies were performed in 4 cases (26.7%; 3 on cell blocks and 1 on a needle-core biopsy specimen). Smooth muscle actin (SMA) was interpreted as positive in all 3 tested cases, and vimentin was positive in 1 tested case (Fig. 3) . Calponin was performed in 1 case and was found to be equivocal. S100 protein was negative in 4 These cases were previously published and described as cases 7, 9, 11, 12, and 13, respectively, in our prior study. Cancer Cytopathology October 2018 tested cases. Cytokeratin stains, including pancytokeratin, CAM5.2, and AE1/AE3, were negative in all 4 cases with 1 or more of these markers tested (Fig. 3 ). CD34 was negative in 2 tested cases.
DISCUSSION
Previous reports of NF in the parotid gland suggest that this entity is exceedingly rare at this site. In 2015, Gibson et al 8 characterized 12 cases of parotid gland NF and reviewed 18 additional published cases in the English literature. Subsequently, Berry et al 21 described cases of NF arising in the preauricular area and angle of the mandible but did not discuss the relation of these lesions to the parotid gland. Furthermore, a large study from China that included 64 NF cases occurring in the head and neck region specifically described 1 case with infiltration into the parotid gland. 23 However, these latter studies raise the possibility that NF is a more common occurrence in the parotid than the current literature suggests because they are frequently grouped with other head and neck sites. Regardless of its prevalence, the differentiation of NF from the extremely diverse group of pathologic entities that occur in this anatomic site 24 is essential for the correct identification and management of this entity. As a result, details of the clinical presentation, including the demographics, radiographic features, and duration of symptoms, are paramount for forming a narrow and accurate differential diagnosis.
The cases of NF in this series showed clinical features largely similar to those previously described for NF in the parotid gland and other locations. These lesions are most common in the third or fourth decade of life but can occur over a wide age range without a clear sex predilection. The symptomatic onset generally arises over the course of a few weeks, and most patients present for an evaluation within several months. Parotid gland NF most often measures between 1 and 3 cm. One clinical feature in which our cases markedly differed from the previous literature is the recurrence rate. Five cases (33.3%) in our study experienced recurrence within an average timeframe of 1.6 months. Before our study, however, only 6.7% of the published parotid gland NF cases were shown to recur. 8 This recurrence rate is higher than the 1% to 2% rate for NF of all locations, possibly because of the number of and complexity of fascial planes within and surrounding the parotid gland. 1 However, the reasons for the particularly high recurrence rate in this study are unclear. Interestingly, no cases managed conservatively in our study were shown to recur, and this suggests that NF in the parotid gland follows the accepted paradigm that NF is self-limited and generally does not require surgical intervention. Unfortunately, radiographic findings on ultrasound, CT, and MRI do not allow NF to be specifically differentiated from its mimics in the preoperative setting. By ultrasound, NF appears as a hypodense mass; however, depending on the cellularity and the amount and qualitative features of the extracellular matrix, NF can be homogeneously or heterogeneously enhancing on CT and MRI T2-weighted imaging (Fig. 4) . [12] [13] [14] Furthermore, when a predominant myxoid/mucoid component is present, tumors commonly show peripheral rimlike enhancement after the administration of intravenous gadolinium contrast. 14 Regardless of the imaging modality, NF can show infiltrative borders on imaging as it extends along fascial planes and permeates into adjacent structures, mimicking a malignant, invasive process. The radiologic differential diagnosis for nodules with these characteristics is long and includes both solid and cystic benign and malignant salivary gland neoplasms, neurogenic tumors such as neurofibroma and schwannoma, dermal-based tumors such as dermatofibroma and dermatofibrosarcoma protuberans The n value was 13 unless otherwise specified. Because of the more specific characterization, the n value was 10 for the 10 cases with myxoid stroma.
Cancer Cytopathology October 2018 (DFSP), and various other lesions, including melanoma, fibromatosis, hemangioma, and sarcoidosis. [12] [13] [14] Because of the lack of specificity for these radiology findings, the clinical presentation and examination are a crucial part of narrowing the differential diagnosis. Clinically, neurofibroma, dermatofibroma, and DFSP are unlikely because of the lack of a dermal component on the examination; however, many of these entities, especially the primary salivary gland neoplasms, will remain high on the differential diagnosis and necessitate additional sampling. The reason is partly due to the fact that many of the salivary gland neoplasms occur over an extremely wide range of ages similarly to NF; several examples include pleomorphic adenoma, acinic cell carcinoma, secretory carcinoma, and mucoepidermoid carcinoma. As a result, minimally invasive sampling by FNA is commonly performed.
Consequently, FNA offers a unique opportunity for narrowing the differential diagnosis and preventing unnecessary surgical intervention if NF is considered as a diagnostic possibility. As we have previously described, NF is a frequent diagnostic pitfall on FNA at a variety of anatomic sites. 15 However, NF was suggested as the diagnosis in 40.0% of the cases in our prior study. This finding suggests that, in the correct clinical context, an FNA diagnosis can potentially decrease a significant number of surgical resections. In the current study, however, only 3 cases (20.0%) were classified as definitive, probable, or suggestive of NF, possibly because of the rarity of this lesion in the parotid gland. It Cancer Cytopathology October 2018 is important to point out that the case of probable NF was a recurrence diagnosed after a surgically confirmed excision of NF. In addition, 1 case included NF in the differential diagnosis. With increased recognition of this entity and inclusion in the differential diagnosis in the parotid gland, perhaps more patients can be spared unnecessary surgery or at least undergo more limited excision with less morbidity.
To that end, although the cytomorphologic features encountered from FNA sampling of NF are not entirely specific, the cases included in this study revealed several common themes. Smears tended to be composed of predominantly single, spindled cells with short unipolar and/or bipolar processes, round or elongated nuclei, and absent or inconspicuous nucleoli. Nearly two-thirds of the cases showed a tissue-culture appearance, and three-fourths of the cases showed some component of myxoid stroma. Importantly, overt cytologic atypia should be absent; however, nearly half of the reviewed cases showed a minimal amount of cytologic atypia. Although absent in this study, a low level of typical mitotic forms may be present in NF, and this should not be overinterpreted as a feature of malignancy. 2, 8, 15 These findings correlate well with those previously described in the literature for FNA cytology of NF in other locations.
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The cytomorphologic differential diagnosis for NF occurring in the parotid gland includes primary salivary gland tumors such as pleomorphic adenoma and myoepithelioma; fibroblastic tumors such as fibromatosis, fibrous histiocytoma, and fibrosarcoma; and neurogenic tumors such as neurofibroma and schwannoma. Other rare entities in this location, including myxoma, leiomyoma, solitary fibrous tumors, DFSP, myxofibrosarcoma, and rhabdomyosarcoma, may be a diagnostic consideration. 6, 8, [25] [26] [27] [28] [29] In addition, because of the presence of lymph nodes within the parotid parenchyma, metastases from other head and neck malignancies, including medullary thyroid carcinoma, insular and anaplastic thyroid carcinoma, sarcomatoid carcinoma, and melanoma, may warrant consideration in the proper clinical setting. Among primary salivary gland neoplasms, tumors with a predominance of myoepithelial cells such as pleomorphic adenomas and myoepitheliomas are the major diagnostic consideration for NF. [4] [5] [6] [7] [8] [9] [10] 30 Pleomorphic adenomas are the most common primary salivary gland neoplasms and constitute approximately 70% of all parotid tumors. 24 They pose a particular concern in the dif- Cancer Cytopathology Among mesenchymal neoplasms, fibromatosis also poses a significant diagnostic consideration with NF. Fibromatosis is a locally aggressive, myofibroblastic proliferation that commonly recurs and can demonstrate extensive infiltration into surrounding structures; resection with negative margins is essential for adequate control. As a result, distinguishing NF from fibromatosis is essential to determining appropriate management. On FNA, fibromatosis is composed of uniform fascicles of bland, spindled myofibroblasts with oval nuclei and absent or inconspicuous nuclei in a background of collagenized to focally myxoid stroma. On core biopsy, a parallel arrangement of blood vessels is often evident. This uniformity and purposeful architecture is the single most helpful feature distinguishing fibromatosis from the tissue-culture appearance that is often seen with NF. Both entities may show variable staining with actin, desmin, and vimentin. Fortunately, however, fibromatosis contains mutations in the β-catenin gene, which can be detected by nuclear staining with the β-catenin ICC stain. 33 Nerve sheath tumors, including both neurofibromas and schwannomas, also can demonstrate overlap with NF on FNA. Neurofibromas are paucicellular and composed of Schwann cells and intraneural fibroblasts. FNA procedures are often painful and show single, spindled cells with ovoid to elongated, wavy nuclei with tapered ends. In some cases, nuclear hyperchromasia and pleomorphism may be present; however, mitoses and atypical mitoses are absent by definition. On ICC studies, the Schwann cells are S100 protein-positive, and the fibroblasts are CD34-positive; both are generally negative in NF. Like neurofibromas, schwannomas are often painful when aspirated; however, these tumors are more likely to reveal cohesive cells in tissue fragments. The nuclear and cytoplasmic features of schwannomas are virtually indistinguishable from those of neurofibromas. On cell block material, though, schwannomas may show Verocay bodies and variably cellular Antoni A and Antoni B areas, features that would further distinguish schwannomas from NF. Schwannomas also demonstrate diffuse positivity for S100 on ICC, which further distinguishes them from NF.
In summary, the cytomorphologic features of NF may overlap with a number of entities. Although NF is a morphologic diagnosis on resection or even a sizeable core biopsy, ancillary studies may be helpful in the presence of limited cytologic material. One reason for the low rates of identification of NF in this study may have been the limited performance of ICC. Furthermore, fluorescence in situ hybridization for the MYH9-USP6 fusion is not widely available clinically, and this makes it especially important to recognize the morphologic features highlighted in this study. Altogether, one of the most useful clues to the correct diagnosis for a spindle cell proliferation in the parotid gland will be the presence of morphologic, cytochemical, and molecular characteristics of diagnoses other than NF.
In conclusion, NF is a clonal, self-limited proliferation that has only rarely been described in the parotid gland. Because of its potential to mimic benign and malignant neoplasms clinically, radiographically, and cytomorphologically, NF is often managed with unnecessary surgery, which is associated with a risk for significant surgical complications in the parotid gland. As a result, considering NF in the differential diagnosis for a spindle cell lesion and obtaining material for ancillary studies for any bland, single, spindled cell proliferation with elongated cytoplasmic processes and bland nuclei may prompt the clinician to consider conservative management in the correct clinical context.
